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Abstract 
In this study, the ABAQUS program is used to model the performance of concrete beams reinforced with steel 
rebars. The finite element model is developed by using the concrete smeared cracking approach; this model is used 
to validate the theoretical calculations and acts as a supplement to the experimental investigations. For validation, a 
reinforced concrete beam that had been tested and reported in earlier research was modelled using ABAQUS 
program. Then this is compared with experimental results of Reinforced Concrete beam. This paper compares the 
numerical data with experimental data when the reinforced concrete beam is subjected to flexural loading. The 
results show that the deflection, Compressive strain of concrete and tensile strain of reinforcement from Finite 
Element Model (FEM) co-related well with the experimental results. 
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1. INTRODUCTION 
Modelling using finite element packages for 
reinforced concrete is a complicated task. Both 
elastic and plastic behaviour of concrete in tension 
and compression is to be incorporated while creating 
a proper model. The simulation of the compressive 
behaviour of concrete includes strain softening  
 
regimes. The behaviour of reinforced concrete under 
tension can be incorporated using tension softening, 
tension stiffening and local bond effects. To develop 
stress- strain curves of concrete for both in tension 
and compression, many numerical methods were 
available in literatures. In this study, the ABAQUS 
program is used to model the flexural behaviour of 
concrete beams reinforced with steel bars. Concrete 
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damaged plasticity approach is implemented to 
develop a finite element model. This model can be 
used to compare the theoretical calculations with 
laboratory investigations on behaviour of RC beams.  
For validation, a reinforced concrete beam which had 
been experimentally tested and reported by Yamini 
Roja et al.[1] was modelled. This is followed by a 
comparison of the numerical results with 
experimental results of Reinforced Concrete beam 
elements in the following study. 
2. EXPERIMENTAL BEAM  
The experimental data of the previous work by 
Yamini Roja et al. [1] was used. The dimension of 
Reinforced concrete beam was 1500X200X100 mm. 
The beam with an effective span of 1350 m was 
subjected to flexural loading under simply supported 
condition. It was subjected to two point loading with 
an inner span of 450 mm. This reinforced concrete 
beam was fabricated and tested at CSIR-Structural 
Engineering Research Centre, Chennai. This paper 
investigates the behaviour of the reinforced concrete 
beam (load-deflection curve, Compressive strain of 
concrete and tensile strain of reinforcement). The 
schematic view of the experimental beam is shown in 
Figure 1.The loading arrangement is shown in Figure 
2. 
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Figure: 1 A view of longitudinal and cross section of 
the beam 
 
Figure: 2 Loading Arrangement 
 
Figure: 3 Finite Element meshed Model in 
ABAQUS 
2.1 Finite element model 
Material properties 
In this RC beam specimen, concrete and steel bar 
have been used. The properties of the materials are 
explained below.  
Steel reinforcing bar  
An elastic, perfectly plastic material was considered 
for the steel bar. The elastic properties such as Elastic 
modulus and poisson‟s ratio were taken as 200 GPa 
and 0.3. Additionally, plastic properties were 
incorporated. The steel rebar was considered as a 
uniaxial material throughout the entire element 
section.The rebars can be defined as a one-
dimensional strain element and is embedded in the 
concrete. This can be achieved by using an embedded 
element option. In that, steel reinforcement is used as 
embedded element and the concrete was selected as 
host element. Their behaviour is like elastic-plastic 
material. The rebars and concrete cracking behaviour 
were presumed to behave independently. The load 
transfer across the concrete cracks through rebars can 
be assigned by introducing“tension stiffening” option 
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into concrete cracking model. Finite Element Meshed 
model is shown in   Figure 3. 
Concrete  
The uniaxial compressive strength of concrete 
selected as: fc= 30 MPa. The plastic strain of 
concrete is considered as 0.03 and which was used in 
the analysis. The Poisson ratio of concrete is 
suggested as ѴC = 0.28. Concrete stresses are shown 
in Figure 4 and figure 5. 
 
Figure: 4 Concrete stresses 
 
Figure: 5 Concrete stresses 
 
Figure: 6 Load-tensile strain plot for main steel rebar 
 
Figure: 7 Load-compressive strain plot for concrete. 
 
Figure: 8 Load vs. deflection 
2.2 The Finite Element Mesh  
In order to get accuracy in results, all the elements of 
FE model were assigned the same mesh size so that 
each two different materials can share the same node 
among them. The mesh type selected in the model is 
given below. The mesh element for concrete is taken 
as 3D solid element which is called C3D8R and for 
rebar 2D truss element is assigned which is called 
T3D2. 
3. RESULTS AND DISCUSSION 
Comparison of results  
Tensile strain in rebars 
 The load-tensile strain curve of the tensile steel main 
reinforcement at mid span obtained from the 
experimental investigation is compared with the 
results from the finite element analysis in Figure 6. It 
showed excellent agreement between numerical 
results and experimental results. At failure, the tensile 
steel rebar at mid span did not yield in both the 
experimental results and finite element analysis.  
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Compressive strain in concrete  
From the results of the finite element the compressive 
strain versus load curve is obtained and it is 
compared with the experimental results for concrete 
at the mid of the top face are shown in Figure 7. It 
showed good agreement between the numerical and 
the experimental data for compressive strain in the 
concrete.  
Load deflection curve at mid span  
The Deflection was measured in the middle of the 
span at the bottom face of the beam. Figure 8 shows 
the load deflection curve of the beam for both finite 
element analysis and experimental data. The results 
from the finite element correlate well with those from 
the experimental data. 
7. CONCLUSION 
This paper deals with the analysis of non-linear 
behaviour of concrete beam reinforced with steel bars 
using Finite Element Model (FEM). This finite 
element model is compared with experimental results 
available in the earlier research for the reinforced 
concrete beam subjected to flexural loading. The 
results showed that the deflection, Compressive strain 
of concrete and tensile strain of reinforcement from 
Finite Element Model (FEM) co-related well with the 
experimental results. 
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